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The communicating junctions, roles and dysfunctionsAcquisition of the multicellular level of organization was a major
innovative step in evolution. The coordinated integration of several
cell types in a higher functioning organism gave rise to all the extant
animals. All cells of multicellular organisms need to communicate and
have evolved different mechanisms of intercellular communication,
the most direct and quickest of which is through channels that direct-
ly link the cytoplasms of adjacent cells. Individual cells of metazoans
are interconnected by channels which span the two plasma mem-
branes and the intercellular space and result from the docking of
two hemichannels. These densely packed channels, localized in gap
junctions, allow cells to directly exchange ions and small molecules.
Hemichannels, hexameric torus of junctional proteins around an
aqueous pore, usually dock end-to-end to form intercellular channels,
but individual hemichannels may also mediate cell–extracellular
communication. The present issue of Biochimica et Biophysica Acta
“Biomembranes” presents an overview of the communicating junc-
tions, their roles and dysfunctions, completing the companion issue
entitled “The Communicating junctions, composition, structure and
characteristics” (Biochim. Biophys. Acta 1818 (2012) 1803–2085).
In the animal kingdom, three families of gap junction proteins are
known, the well characterized connexins (Cxs) in deuterostomes
(Echinodermata, Urochordata, Cephalochordata and Vertebrata), the
innexins (“invertebrate connexins”, Inxs) in protostomes (Nematoda,
Mollusca, Plathyhelmintes, Arthropoda, Annelida) at ﬁrst, then search
of the human genome revealed three innexin-related genes, and three
corresponding proteins, termed pannexins (Panxs), were identiﬁed.
Panxs were treated as a separate family when subsequent studies
showed that they were functionally distinct from Inxs. To investigate
the evolution of these protein families, Abascal and Zardoya [1]
reconstructed new phylogenies for pannexins and connexins using
state-of-the-art probabilistic methods of phylogenetic inference.
Panxs, Inxs and Cxs have the same transmembrane topology, with
four transmembrane domains and cytoplasmic C- and N-terminal
domains but although Panxs and Inxs share 25–34% identity and up to
46% similarity, no signiﬁcant sequence homology has been found for
Panxs and/or Inxs versus the prototypical gap junction proteins, the
Cxs. With a few exceptions of observations suggesting that Panxs
might form intercellular channels, the vast majority of the literature
supports what is thought to be their primary role in forming single
membrane channels regulated by post-translational modiﬁcations,
channel intermixing, and sub-cellular expression proﬁles. Penuela,
Gehi and Laird [2] summarize the biochemistry and functions of
pannexin channels.
Cxs, as many other membrane proteins, undergo various post-
translational modiﬁcations (PTMs), enzymatic, covalent chemical mod-
iﬁcations which often change their physical or chemical properties,
their activity, localization, or stability. Understanding the sites, patterns
and magnitude of PTMs, including phosphorylation, is absolutely0005-2736/$ – see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.bbamem.2012.10.012critical. Most Cxs are phosphoproteins but a particular challenge of
studying phosphorylation arises from the difﬁculties of isolating speciﬁc
stages of gap junction/Cx maturation. Chen, Gouw, Naus and Foster [3]
provide an overview of available technologies in the context of targeted
and discovery proteomics, and further discuss how these techniques are
being applied to “ﬁll the gaps” in understanding connexin post-
translational control.
Hemichannels dispersed in nonjunctional membranes were for a
long time considered to remain permanently closed to avoid cell
death but several data have documented that all gap junctional proteins
can form “hemichannels” able to open with a ﬁnite if low probability,
forming a conduit between the cell's interior and the extracellular
milieu. Hemichannels can open in response to a wide range of stressful
conditions, such as ischemia, pressure or swelling, allowing the bidirec-
tional passage of ions and small metabolic or signalling molecules of
below 1–2 kDa molecular weight. Adenosine triphosphate (ATP),
nicotinamide adenine dinucleotide (NAD+), glutamate, glutathione
and prostaglandins for example can diffuse through these channels to
reach the extracellular milieu, mediating the spread of the signal
followed by binding to receptors on surrounding cells and activating
downstream cellular responses. Wang, De Bock, Decrock, Bol,
Gadicherla, Vinken, Rogiers, Bukauskas, Bultynck and Leybaert [4]
review the available evidence for connexin hemichannels as a release
pathway for paracrine intercellular communication and their role in
paracrine signalling. Baroja-Mazo, Barberà-Cremades and Pelegrín [5]
examine the participation of plasma membrane hemichannels to
purinergic signalling under normal and pathological conditions.
Gap junction channels represent the only selective intercellular com-
munication pathway that is exclusive of the extracellular space, allowing
various ions and solutes to pass from one cell interior to another. They
however differ in their ability to mediate the transfer of speciﬁc mole-
cules. The existence of a selective permeability argues that gap junctions
not only facilitate (by providing pathways for) the intercellular exchange
of molecules, but they also constrain selectively the diffusion of other
such molecules and cytoplasmic components. Such an arrangement is
consistent with cells maintaining a high degree of individualization
while still cooperating in the function(s) of the tissue(s) they comprise.
Ek-Vitorin and Burt [6] present the structural basis for the selective per-
meability of channels made of communicating junction proteins.
Both metabolic coupling between cells and transfer of cell signalling
molecules are important functions of gap junctions; in myelinating glia,
gap junction communication is crucial for myelination and axonal sur-
vival in both the peripheral and central nervous systems (PNS and
CNS). Gap junctions mediate intercellular communication among
Schwann cells (where reﬂexive gap junctions allow transfers between
different regions of the same cell separated by layers of compactmyelin)
in the PNS, and among oligodendrocytes and between oligodendrocytes
and astrocytes in the CNS. Nualart-Marti, Solsona and Fields [7] examine
2 Editorialthedifferent types of gap junctions inmyelinating glia of the PNS andCNS,
including their functions and involvement in neurological disorders.
Biological effects observed in studies using deletion mutants or
connexins incompetent for channel-forming revealed that functions of
Cxs (Cx43 being the most frequently studied) are not restricted to the
formation of pore-forming structures. Such effects should play particu-
larly important roleswhen Cx-expressing cells have to operate predom-
inantly in an isolated state, as it can be the case during cellmigration, for
example during development, wound healing, tumormetastasis or vas-
cular growth and angiogenesis. Cells initiate movement through their
ability to breakdown and reform the actin cytoskeleton network, and
to stabilize it, as cell protrusions develop into leading edges that support
forward movement. Matsuuchi and Naus [8] address these issues as
they relate to Cx43 expression and discuss the approaches used.
Freshwater planarians exhibit a robust regenerative ability allowing
complete animals to develop from tiny body fragments within a week,
due to pluripotent adult somatic stem cells, called neoblasts, able to
give rise to not only all types of somatic cells, but also germline cells.
How these cells respond to stress and support continuous proliferation
is still poorly understood but probably involves signals from neighbor-
ing differentiated cells. The intercellular information mediated through
gap junctions are indeed known to be implicated to regulate the local
and systemic physiological demands associated with embryonic devel-
opment, growth, differentiation, regeneration, and tissue homeostasis.
The data discussed by Peiris and Oviedo [9] indicate that innexins are
essential regulators of neoblast biology.
Cell coupling via gap junctions is dependent on the speciﬁc pattern
of connexin gene expression. This pattern of gene expression is altered
during development and in several pathological conditions, resulting in
changes of cell coupling and probably connexin hemichannel function.
Epigenetic marking on genes can determine whether or not genes are
expressed. Epigenetic regulation is mediated by the addition of methyl
groups to DNA cytosine bases, of methyl and acetyl groups to proteins
(histones) around which DNA is wrapped, and by small interfering
RNA molecules. M. Oyamada, Takebe and Y. Oyamada [10] summarize
recent knowledge on regulation of connexin expression by transcrip-
tion factors and epigenetic mechanisms.
Interneuronal communication can occur via either indirect or di-
rect transmission. In the ﬁrst case (chemical synapses), transmitters
are released into the extracellular space to subsequently bind to spe-
ciﬁc synaptic receptors, activating them, modulating speciﬁc ion
channels and/or second-messenger systems in the postsynaptic cell,
whereas in the second case (electrical synapses), ionic currents di-
rectly ﬂow from cell to cell via gap junction channels. Pereda, Curti,
Hoge, Cachope, Flores and Rash [11] discuss the factors determining
the strength of electrical transmission then review current evidence
indicating that, as their chemical counterpart, electrical synaptic com-
munication is highly dynamic and modiﬁable by various mechanisms.
Tissue mechanics provide an important context for tissue growth,
maintenance and function. Cells sense forces, transmit them to the
cell interior and to other cells, and transduce them into chemical sig-
nals that impact a spectrum of cellular responses. Various types of
mechanical load (e.g. strain, pressure, shear stress, or cyclic stretch)
can affect cell biology and gap junction intercellular communication,
particularly the connexin expression patterns but also the subcellular
localization of junctional plaques. Salameh and Dhein [12] provide an
up-to-date overview of the inﬂuence of mechanical forces on gap
junctional communication in tissues particularly exposed to mechan-
ical forces, as heart, vasculature, bones and tendons.
The coordination of vascular responses is essential for normal vessel
function. Gap junctional channels enable changes in membrane poten-
tial to be propagated electrotonically via coupling between endothelial
cells, smooth muscle cells or a combination of these, via the
myoendothelial junction.Gap junctions are now increasingly recognized
to play a role in inﬂammatory diseases in general, and in particular in
atherosclerosis, a chronic inﬂammatory disease of the vessel wallcharacterized by an accumulation of lipids, macrophages, T lympho-
cytes, and smooth muscle cells in large- and medium-sized arteries.
Pfenniger, Chanson and Kwak [13] review the expression and function
of connexins in cells and processes underlying atherosclerosis.
As the sole mediators of the direct exchange of ions, signalling
molecules (cAMP, IP3, etc.), energy sources (ATP, GTP), reducing/
oxidizing agents (glutathione) and nutrients (glucose, amino acids)
between cells, gap junction channels play key roles in the homeostatic
and integrative functions of most tissues. Consequently, connexin mu-
tations are implicated in a variety of hereditary human diseases, the
most common connexin-related disease being genetic deafness [senso-
rineural hearing loss (SNHL)], which can be nonsyndromic or
syndromic when associated with skin disorders and other ectodermal
abnormalities. Xu andNicholson [14] focus their attention onmutations
in each of these disease typeswhere some informationon the functional
consequences is available, and summarizewhat this has taught us about
the likely roles of gap junctions inmaintaining normal cochlear and skin
functions.
I wish to thank all the authors and co-authors for their commitments
and the anonymous reviewers who contributed by their constructive
remarks to the excellence of this issue.
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